A novel Gram-stain-positive, endospore-forming bacterium, designated FJAT-22460 T , was isolated from a soil sample of a potato field in Xinjiang Autonomous Region, China. Cells were rods that were catalase-positive and motile by peritrichous flagella. The strain was found to grow at temperatures ranging from 10 to 40 C (optimum 30 C) and at pH 5.0-12.0 (optimum pH 7) with 0-5 % (w/v) NaCl (optimum 0 % NaCl). Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain FJAT-22460 T belonged to the genus Paenibacillus and exhibited 
62.6 % and 33.3 %, respectively, lower than the 70 % accepted for species delineation. The menaquinone was identified as MK-7. The major fatty acids detected were anteiso-C 15 : 0 (51.4 %), iso-C 15 : 0 (5.3 %), C 16 : 0 (12.1 %), iso-C 16 : 0 (10.7 %) and anteiso-C 17 : 0 (6.9 %). The DNA G+C content was determined to be 50.9 mol%. Phenotypic, chemotaxonomic and genotypic properties clearly indicated that isolate FJAT-22460 T represents a novel species within the genus Paenibacillus, for which the name Paenibacillus solani sp. nov. is proposed. The type strain is FJAT-22460 T (=DSM 100999 T =CCTCC AB 2015207 T ).
The genus Paenibacillus was established by Ash et al. (1993) and accommodates 11 species of Bacillus rRNA group 3, which can be distinguished from other bacilli by several phenotypic characteristics as well as by using a highly specific 16S rRNA gene probe (Ash et al., 1993) . The description of the genus Paenibacillus was subsequently emended by Shida et al. (1997) . At the time of writing, 169 species with validly published names were recognized as members of the genus Paenibacillus (http://www.bacterio.cict.fr/p/paenibacillus. html). Three novel species of the genus Paenibacillus have been found in Xinjiang province, in the north-west of China: Paenibacillus xinjiangensis isolated from an alkaline soil sample (Lim et al., 2006) , Paenibacillus tarimensis isolated from a desert soil sample (Wang et al., 2008) and Paenibacillus algorifonticola isolated from a cold spring sample (Tang et al., 2011) . During the course of a study on the culturable aerobic Bacillus community of soil from a potato field in Xinjiang, China, a large number of strains belonging to the genus Bacillus were isolated, of which strain FJAT-22460 T was considered as a possible representative of a novel species. This strain was subjected to a taxonomic investigation including analyses of 16S rRNA gene sequence, and chemotaxonomic and phenotypic characteristics to determine the classification of strain FJAT-22460 T .
For isolation and culture, strain FJAT-22460 T was isolated from a rhizosphere soil sample collected in a potato field in Nilka county, Yili district, Xinjiang province, China (43 46¢ 28¢¢ N 82 35¢ 1¢¢ E). The sample was suspended in sterilized water, serially diluted, spread on Luria-Bertani broth (LB) and incubated at 30 C for 48 h. Pure cultures were obtained by several successive single colony isolations. The strain was stored both on NA slants at 4 C and as suspensions in LB with 20 % (v/v) glycerol at À80
C. The reference strains Paenibacillus glucanolyticus DSM 5162 T and Paenibacillus lautus DSM 3035 T were obtained from the culture collections (DSMZ) and used as controls in the phenotypic tests.
For phenotypic and physiological characterization, strain FJAT-22460 T was investigated after cultivation on LB plates for 48 h. The shape of cells was observed after 48 h by scanning electron (JEOL/EO) and transmission electron (Hitachi) microscopy. The presence of endospores was investigated according to the Schaeffer-Fulton staining method after 72 h on LB medium (DMI3000B, Leica) (Murray et al., 1994) . Colony morphology was examined after 48 h of incubation at 30 C in trypticase oy roth (TSB) (BD, USA). Strain FJAT-22460 T was cultured over the temperature range of 5-60 C (at intervals of 5 C) and the pH range of pH 4.5-13.0 (at intervals of 1 pH unit) in TSB. Growth at various NaCl concentrations was tested over the range of 0-25 % (w/v) NaCl (at intervals of 1 %) by incubating under conditions of 30 C and pH 7.0. Growth under anaerobic conditions was determined after incubation in a CO 2 incubator on anaerobically prepared LB. The Gram reaction was tested using the KOH method as described by Buck (1982) . Motility was examined on motility agar (Chen et al., 2007) . Determination of oxygen requirement, activities of catalase and oxidase, and hydrolysis of casein, starch and aesculin was performed according to the conventional methods described by Cowan & Steel (1965) and Smibert & Krieg (1994) . API 20E, API ZYM and API 50CH kits (bioM erieux) were used according to the manufacturer's instructions to further determine the physiological and biochemical characteristics of strain FJAT-22460
For measurement of chemotaxonomic characteristics, the peptidoglycan diamino acid test was carried out according to published protocols (Schumann, 2011) . Menaquinones were analysed as described by Collins (1977) using reverse-phase HPLC (Groth et al., 1996) . Extraction and analysis of polar lipids by two-dimensional TLC was performed according to the method described by Minnikin et al. (1979) . The cellular fatty acids analysis was performed according to the standard protocol of the Sherlock Microbial Identification System version 6.0 (MIDI), analysed by GC (model 7890, Agilent) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990 ).
For phylogenetic analysis of 16S rRNA gene sequences, chromosomal DNA was extracted and purified according to standard methods (Hopwood et al., 1985) . The 16S rRNA gene sequences were amplified by PCR with the universal primers 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1542R (5¢-GGAGAAAGGAGGTGATCCAGCC-3¢) as described by Lee et al. (2001) . The sequence of the 16S rRNA gene amplified was determined using a DNA sequencer (ABI 310 sequencer, Applied Biosystems). The resultant 16S rRNA gene sequence was compared with that of reference strains with validly published names using the EzTaxon-e sever (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . For calculation of pairwise sequence similarity values, sequence data were calculated using the global alignment algorithm obtained through the EzTaxon-e server (Kim et al., 2012) . After multiple alignments of data by CLUSTAL X (Thompson et al., 1997) , phylogenetic trees were reconstructed using the methods of neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) implemented with MEGA version 6 (Tamura et al., 2013) . For all the trees, gaps were treated as complete deletions, evolutionary distances were computed according to the Jukes-Cantor model (Jukes & Cantor, 1969) and the reliability of each branch was evaluated by bootstrap analysis based on 1000 replications (Felsenstein, 1985) . The 16S rRNA gene sequences used for the phylogenetic comparisons are shown in the neighbour-joining phylogenetic tree with their strain designations and accession numbers.
For determination of DNA G+C content, genomic DNA was prepared using the method described by Hopwood et al. (1985) . The DNA G+C content was determined using the HPLC method (Mesbah et al., 1989) . Estimation of isDDH (in silico DNA-DNA hybridization) was performed using the genome-to-genome distance calculator (GGDC) (Auch et al., 2010; Meier-Kotloff et al., 2013) . The partial genome files were uploaded to the GGDC 2.0 web interface (http://ggdc.dsmz.de/distcalc2.php) and Formula 2 was used as recommended for the calculation of isDDH for in complete genomes.
Morphological features showed that cells of strain FJAT-22460 T were Gram-stain-positive and rod-shaped with a size range of 0.4-0.7Â1.6-3.3 µm (Fig. S1 , available in the online Supplementary Material) with peritrichous flagella. Ellipsoidal endospores were found, and the cells were motile. Growth was observed at temperatures ranging from 10 to 40 C and at pH 5.0-12.0 with 0-5 % (w/v) NaCl. Optimum growth was found at 30 C, pH 7.0 and with 0 % (w/v) NaCl. The detailed physiological and biochemical characteristics of strain FJAT-22460 T in comparison with its closest phylogenetic neighbours are presented in T (96.8 %). In the neighbour-joining tree, the phylogenetic analysis put strain FJAT-22460 T in the genus Paenibacillus with the closely related species P. glucanolyticus DSM 5162 T , P. lautus DSM 3035 T and P. lactis MB 1871 T (Fig. 1) . The topologies of the phylogenetic trees built using maximum-likelihood and maximum-parsimony methods also supported the conclusion that strain FJAT-22460
T forms a stable clade with the reference strains P. glucanolyticus DSM 5162 T , P. lautus DSM 3035 T and P. lactis MB 1871 T ( Figs S2 and S3 ). This analysis suggested that strain FJAT-22460 T may represent a distinct species within the genus Paenibacillus. The genomic DNA G+C content of strain FJAT-22460 T was determined to be 50.9 mol% whereas that of P. glucanolyticus DSM 5162 T was 48.1 % (Priest, 2009) . The isDDH value between FJAT-22460 T and P. glucanolyticus DSM 5162 T was 24.4 %, which is well below the 70 % threshold cut-off for recognition of .5-11* 6-10.8* 5.0-11* 6.0-9.0 Optimum pH for growth 7 7.0* 7.0 † 7.0* 7.0 NaCl range for growth 0-5 % 0-9 %* 0-10 %* ND 0-5 % Optimum NaCl for growth 0 0 ND ND 3 % Acid production from (using API 50 CH): prokaryotic species (Wayne et al., 1987) , thus suggesting that strain FJAT-22460 T should be considered as a representative of a novel species in the genus Paenibacillus.
Analysis of the cell-wall peptidoglycan showed that strain FJAT-22460 T contained meso-diaminopimelic acid as the diagnostic diamino acid. The menaquinone was identified as MK-7. The polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, two unknown aminophospholids and two unknown phospholipids (Fig. S4) . The major fatty acids present in strain FJAT-22460 T were identified as anteiso-C 15 : 0 (51.4 %), iso-C 15 : 0 (5.3 %), C 16 : 0 (12.1 %), iso-C 16 : 0 (10.7 %) and anteiso-C 17 : 0 (6.9 %). Distinct quantitative differences were observed in the profile of 
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fatty acids compared with those of the type strains P. glucanolyticus DSM 5162 T and P. lautus DSM 3035 T (Table S1 ). These chemotaxonomic data support the affiliation of strain FJAT-22460 T to the genus Paenibacillus.
Strain FJAT-22460 T could be distinguished from thephylogentically closely related species of the genus Paenibacillus by distinct differences in the fatty acid composition and phenotypic characteristics. Based on the results of phylogenetic, phenotypic and chemotaxonomic analyses together with DNA-DNA hybridization values, strain FJAT-22460 T is considered to represent a novel species within the genus Paenibacillus, for which the name Paenibacillus solani sp. nov., is proposed.
Description of Paenibacillus solani sp. nov.
Paenibacillus solani (so.la¢ni. N.L. gen. n. solani of the plant genus Solanum, from which the strain type strain was isolated).
Cells are Gram-stain-positive, motile, rods, 0.4-0.7Â1.6-3.3 µm in size, occurring singly. Ellipsoidal endospores are located terminally in a swollen sporangium. Peritrichous flagella are observed. Circular colonies grown at 30 C on LB for 48 h appear pale yellow in colour, flat and slimy with entire edges, about 1-2 mm diameter. Growth occurs at 10-40 C (optimum 30 C), pH 5.0-12.0 (optimum pH 7.0) and with 0-5 % (w/v) NaCl (optimum 0 %). Aerobic; catalase and oxidase are positive. In API 20E, positive for b-galactosidase (ONPG), Voges-Proskauer test, urease, indole production and citrate utilization, but negative for nitrate reduction, gelatin hydrolysis, tryptophan deaminase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and H 2 S production. In API 50CHB, produces acids from L-arabitol, L-arabinose, ribose, D-xylose, galactose, glucose, fructose, mannose, mannitol, N-acetylglucosamine, arbutin, lactose, sucrose, trehalose, starch, glycogen, gentiobiose, turanose, D-arabitol, gluconate, methyl a-D-glucoside (weakly), amygdalin (weakly) and 2-keto-D-gluconate (weakly), but not from glycerol, methyl b-D-xyloside, methyl a-D-mannose glycosides, saligenin, cellobiose, maltose, Dmelibiose, inulin, raffinose, xylitol, erythritol, D-arabinose, L-xylose, adonitol, sorbose, rhamnose, dulcitol, inositol, sorbitol, aesculin, D-lyxose, melizitose, D-tagatose, L-arabitol, D-fucose, L-fucose or 5-keto-D-gluconate. In API ZYM, positive for esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphoric acid hydrolase and b-galactosidase and weakly positive for leucine arylamidase, alkaline phosphatase and valine arylamidase; negative for lipase (C14), cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucuronidase, N-acetyl-glucosaminidase, a-mannosidase and b-fucosidase. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and C 16 : 0 . The quinone is MK-7.
The type strain, FJAT-22460 T (=DSM 100999 T =CCTCC AB 2015207 T ), was isolated from rhizosphere soil of a potato sample in Nilka County, Yili state, Xinjiang, China. The DNA G+C content of the type strain is 50.9 mol%.
